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1
SEDIMENT ASSESSMENT

CROSS REFERENCE TO RELATED
APPLICATION

This application 1s the National Phase application of Inter-
national Application No. PCT/GB2005/003250, filed Aug.
18, 2005, which designates the United States and was pub-
lished 1n English. This application, 1n its entirety, 1s mncorpo-
rated herein by reference.

The mvention relates to the measurement and assessment
ol sediment volumes.

There 1s significant interest 1n deriving information from
sediment volumes. For example, sediment volume 1s an
important parameter for many multi-component liquid-based
systems. It 1s a key measurement for the water industry where
it 1s used to assess the need for extra filtration or additive
addition and as a quality control in the supply of drinking
water. Measurement of a sediment volume 1s also used to
assess the quality of products such as beer and wine.

In other applications, the swelling volume of a component
in a multi-component liquid-based system 1s an important
measure of the degree to which materials swell on hydration.
It 1s used extensively 1n the food industry for characterising
the behaviour of different flours and natural or synthetic
starches and mixtures thereol, as an indication of perfor-
mance 1n baking, thickening properties etc. Swelling volume
1s typically measured as a volume to a dry weight of the
component added to the system, 1 ml/gm.

In other multi-component liquid-based systems, 1t may be
necessary to aid sedimentation prior to determinming the sedi-
ment volume. This may be achieved using flocculants. In
some systems flocculation will occur naturally with certain
particulate suspensions. Other systems require the addition of
flocculants to clear small particles that will either not sedi-
ment or only sediment slowly from liquid products. Once
flocculation has occurred, sedimentation will take place and
the quantity of particles present can be assessed by measuring,
the sediment volume.

In other applications, it may be important to determine the
volume of precipitated or crystallised components from 1ig-
uid-based systems.

Typical examples of components that may form sediments
are flours, natural or synthetic starches, metal oxides, eg T10,,
S10,, AlLO,, ceramic powders, clays, eg kaolinite clays
(china clay, ball clay), montmorillonmites, talc etc.

It will be appreciated from the above description that the
present invention 1s applicable to a wide range of sediments
and, for the avoidance of doubt, the term “sediment™ as used
in this specification 1s mtended to cover sediments, with or
without tlocculants, and precipitated and crystallised materi-
als

The rate-determining step 1n determining many sediment
volumes 1s the generation and settlement of the sediment
itself. For example, 1n measuring starch sediments, a standard
period of 24 hours 1s used to permit sedimentation to occur.
This techmique 1s described 1n a paper by A Tayal, R Shariff
and J Whaley, “Modelling properties of Viscosiiying
Starches”, Gums and Stablisers for the Food Industry 12,
23-277 Jun. 2003, 97-107. Furthermore, standard techniques
for determining sediment volume use relatively large quanti-
ties of materials and, consequently, do not lend themselves to
the generation of relatively large numbers of samples and the
subsequent rapid assessment of such samples.

It 1s an object of the present invention to provide a method
of assessing sediment volumes 1n liquid-based samples that 1s
consistent across samples and 1s reasonably fast.
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The Applicants have found that the sediment volume 1n
liquid-based samples can be repeatedly achieved and matches
results obtained from standard methods using 1mage analysis
techniques. Although image analysis techniques, for example
for agglutination reactions and phase-separated systems, are

known, eg U.S. Pat. No. 4,794,450, U.S. Pat. No. 5,768,407,
U.S. Pat. No. 35,783,826, EP-A-0755654, DE-A-10218693,
JP-A-2001165752, JP-A-09133687, WO 01/04608 and WO

2004/053468, such techniques have not been used to deter-

mine sediment volume.

According to the present invention, a method of assessing
sediment volume 1n a liquid-based sample comprises:

a) positioning a tube containing the sample relative to an
opto-electrical device capable of capturing an image of the
tube;

b) using the opto-electrical device to capture an 1mage of the
tube normal thereto;

¢) analysing the captured image to determine the height of the
sediment; and

d) using the height measurement to generate a sediment vol-
ume measurement.

The term “tube™ as used herein means any conveniently
shaped receptacle capable of holding a relatively small
sample of liquid-based systems (including any sediment gen-
erated therein) and having a constant cross-sectional area
over 1ts length. As 1t needs to be optically transparent, 1t 1s
suitably made from glass or other optically transparent mate-
rial that 1s effectively chemically nert to the liquids under
test. Conveniently, the tube 1s a glass vial typically having a
length of 55 mm, and has an external diameter of 17 mm,
internal radius of 7.6 mm and a generally flat bottom.

Preferably, the analysis of the captured image comprises
converting the captured image (1mage 1) 1n to a binary image
(1mage 2) and measuring the area and the width of the portion
of a binary image corresponding to the sediment. Simply
dividing the area by the width derives the height of the sedi-
ment. The height measurement 1s then used in combination
with the cross-sectional area of the tube to determine the
sediment volume.

The 1mage captured by the opto-electronic device 1s pred-
erably subjected to analysis by suitable software, for example
the KS300 Image Analysis System available from Carl Zeiss
Vision GmbH, Hallbergmoos, Germany. The software 1s con-
figured to analyse the image for the information of interest.

Image 1 may be obtained as a black and white 1image or as
a colour 1mage that 1s processed to be a black and white
image. The colour 1mage may be processed by selecting at
least one information channel (red, green or blue) of the
digital 1image and creating therefrom the black and white
image 1 in an electronic frame.

Preferably, however, image 1 1s in1tially generated as a grey
scale black and white image that 1s then automatically con-
verted to a binary image 2. To aid the conversion process by
ensuring the central region of the anticipated sediment ele-
ment of image 1 1s neither too bright (1e white) nor too dark,
the opto-electrical device 1s set to limait the pixel intensity of
the image 1 1n that region. The pixel intensity may suitably be
set to about 60% to 90% of the pixel mtensity range of the
opto-electronic device (which equates to a pixel intensity
range of about 170 to 230 (black 1s 0 and white 1s 255) when
using an eight bit camera for example). In one embodiment,
the range may be imitially set to 75% to 82% and conveniently
to 78% of the range. In another, more preferred embodiment,
the range 1s mitially set to about 65% to 75% of said range.
Conveniently, 1n this embodiment, the pixel intensity level
may be set around 70% of the range.
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The method may include subsidiary steps to improve the
quality of the images being processed. For example, 11 the
lighting used during capture of the image of the tube results 1n
a shading across the 1image, 1mage 1 1s subjected to a partial
smoothing operation, eg using a median filter, to remove
some detail but to retain edge information thereby generating
a smoothed image (image 1a). It 1s the image 1a that is
subjected to the automatic conversion to binary image 2.

Binary image 2 may then be subjected to a scrap operation
to remove small white features within the black areas and a fill
operation to {1ll 1n holes 1n the white objects so they are more
complete (1mage 3).

Image 3 may then be edited to remove any features asso-
ciated with any glare due to the glass wall at the bottom of the
tube and to reconstruct of the bottom region of the sediment in
the vial. The latter step may be required if the sediment 1n the
bottom of the tube does not scatter well and, consequently,
may be missing from the binary image 2. As there 1s always
sediment 1n the bottom of the tube and as the position of the
tube 1n 1mage 2 1s always the same, then a constant edit can be
applied to the image 3 to generate a corrected binary image 4.

As the vertical edges of the sediment may be slightly non-
linear and as this may afiect the measurement of the width of
the sediment, and hence the height determination, a new
binary image (1image 5) 1s created consisting of a white or
black rectangle whose axis 1s along the axis of the tube and
whose width 1s less than the width of the sediment. A Boolean
AND operation 1s then performed using 1images 4, following
an 1nversion operation 1f applicable, and 5 to create image 6
which 1s an 1mage of the central section of the sediment.

The height of the sediment 1s determined from 1image 6 by
measuring the area and the width of the white central section.
As the top surface of the sediment 1s not always flat, there 1s
an 1ssue ol where to measure the height 1f only a single point
1s employed. Using the above-described technique, the height
1s therefore measured over the whole width of the white
central section 1n the final binary image.

Once the height of the sediment 1n the sample 1s known, the
sediment volume 1s derived from the height measurement and
the cross-sectional area of the tube.

Thus, the present invention also includes a method of deter-
mimng the height and/or the volume of sediment formed 1n a
liquid-based sample 1n a tube which comprises subjecting a
digital, binary image of the sediment in the tube to the fol-
lowing electronic operations:

a) copying the digital binary image (1mage 1) into an elec-
tronic frame (1mage 2) and then clearing image 2 from this
frame to create a new blank frame having the same pixel
dimensions as the original digital image 1;

b) creating a rectangle in a graphics plane associated with the
clectronic frame and merging the graphics plane with the
image plane of 1image 2 and speciiying the rectangle 1s
white or black and the remainder 1s black or white, respec-
tively, thereby creating a binary image (image 3) of a
rectangle on a contrasting background, the rectangle hav-
ing dimensions longer than the anticipated length of the
sediment being measured and narrower than the width of
the internal dimension of the tube;

¢) subjecting image 1, after an inversion operation if required,
and 1image 3 to a Boolean “AND” operation to create an
image (1mage 4) representative of the sediment height; and

d) measuring the dimensions of the rectangle in 1mage 4 to
determine the sediment height and, 1f required, the sedi-
ment volume.

It will be appreciated that images 1, 3 and 4 1dentified 1n the
preceding paragraph are equivalent to images 4, 5 and 6 as
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4

previously described with respect to the method of assessing
sediment volume in accordance with the invention.

Preferably, in step b), the rectangle 1s white and the remain-
der 1s black.

Depending upon the sedimentary systems being studied,
the quality of the binary images initially obtained from the
original grey scale i1mage may vary significantly. For
example, sedimentary systems of starches may give rise to a
variety of image types and these binarise differently to give
the binary image. Sometimes 1t 1s found that the binary rep-
resentation of the grey scale sediment region 1s seen by the
eye to be poor and 1n order to obtain a good representation the
conditions employed during 1nitial image capture need to be
altered. For instance, the image may be good, 1¢e it will have a
well settled sediment and a clear supernatant; or the superna-
tant may be hazy owing to starch fines not settling giving rise
to a diffuse sediment/supernatant interface; or the sediment
may contain white specks that exhibit a high pixel intensity.

Accordingly, in a preferred embodiment of the invention,
prior to determining the height of the sediment, the quality of
the captured image 1s checked. If the image 1s of poor quality,
1t may be rejected or, alternatively, the image may be captured
and book marked for subsequent manual examination.

Preferably, an initial check of the image quality 1s made to
determine whether the maximum pixel intensity (I ) within
a predefined region of sediment 1s within a required range
(typically within the range 70% to 75% of the total pixel
intensity range). If I 1s within the required range, then the
quality of the image 1s checked further as described below.
However, 111 1s above the required range, then the lighting
level 1s reduced and/or the camera settings (e.g. exposure
time) employed during image capture 1s decreased 1n an 1tera-
tive process until an acceptable 1mage 1s acquired. Similarly,
if I 1s below the required range, then the lighting level 1s
increased and/or the exposure time employed during image
capture 1s increased 1n an iterative process until an acceptable
image 1s acquired.

It will be appreciated that, in the event of the limits of
adjustability being reached, the final image 1s captured, stored
and bookmarked for subsequent examination.

Once an 1mage with an I within the required range 1s
obtained, then preferably, the quality of the image 1s checked
further by superimposing a series of vertical lines over the
binary representation of the sediment, measuring the lengths
of the lines and obtaining a standard deviation for those
lengths. 11 the standard deviation 1s greater than a selected
standard deviation, the image 1s of poor quality and the sedi-
ment volume determination from such an 1mage 1s suspect.
The selected standard deviation used for comparison pur-
poses 1s obtained by checking a series of good and bad images
and selecting a standard deviation above which the image
quality 1s unacceptable.

As discussed above, the 1ssue of poor quality 1images usu-
ally arise 1f the operation to generate a binary image from the
captured 1mage results 1n a poor binary image. This latter
image gives rises to high standard deviations. The quality of
the captured 1image may be improved by varying the 1llumi-
nation of the tube. However, 1f variation of the illumination of
the tube still does not result 1n an acceptable 1image, then the
sample may be rejected or captured and book marked as
mentioned above.

In a preferred embodiment, if the binary image is poor, 1e
has a standard deviation greater than the selected standard
deviation, the mean pixel intensity (I _ ) 1s measured for a
designated area within the image and either:
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a)ifthel _ 1swithintherequiredI . range, reducethe light
intensity and capture a new image of the sediment for
processing; or

b)yitfthe I __ 1s outside a second I . range (defined as the
preselected 1, say 70% of the pixel intensity range as
described above, + a selected % age, say 5%), increase the
light intensity and capture a new 1mage of the sediment for
processing.

Steps a) and b) 1n the preceding paragraph are iterative 1in
that, 11 an acceptable 1mage 1s not obtained aiter a first light
intensity adjustment, the relevant step 1s repeated. With
regard to step a), in the event of an acceptable image not being,
achievedwhenlI _  1falls below a predefined minimum value,
for example 40% of the pixel intensity range, the process 1s
terminated but the final image 1s captured and book marked as
described above. With regard to step b), it 1s 1terated until
I 1fallswithinthesecondl, . range or, if the light intensity
1s at the maximum available, the process 1s terminated but the
final 1image 1s captured and bookmarked as described above.

In step a), it 1s assumed that the high standard deviation 1s
caused by flare from particles 1n the supernatant, 1€ a hazy
supernatant as described above 1n relation to starch sedimen-
tary systems, whereby the reduction 1n light level will reduce
the amount of light reflect from such particles 1n the super-
natant.

In step b), 1t 1s assumed the sediment has specific areas that
give rise to locally high values of I, 1e white specks as
described above 1n relation to starch sedimentary systems,
whereby the increase 1n the light intensity will result 1n the
remainder of the sediment giving rise to an increased back-
ground I .

The designated area of the image within which I 1s
measured 1t usually determined by examination of a number
of typical samples and determining the boundaries of the
meniscus positions and the tube bottom.

Using the method of the mvention, a typical sediment
volume measurement time 1s under a minute, typically about
40 seconds from the imitial placing of the sample to its final
removal from the sample holder. Where the sediments are
well settled and the supernatants non-hazy, the process can
take less time, 1n the region of 10 to 20 seconds. Owing to the
simplicity of the method, a large number of samples can be
tested 1n a short time period. The samples may be tested singly
and sequentially or, alternatively, and more preferably,
batches of samples can be tested 1n parallel. Accordingly, the
method of the invention includes processing batches of
samples either sequentially or 1n parallel. When the samples
are processed 1n parallel, preferably more than 1 sample but
not more than 100 samples, more preferably at least 10
samples but not more than 50 samples are processed together.

Whilst 1t would be possible to provide suilicient opto-
clectronic devices to measure the sediment volumes of a
number of samples, 1t 1s preferred to minimise the number of
such devices used 1n the method. Accordingly, 1t 1s preferred,
in each batch of samples, each tube 1s sequenced in turn to
capture the 1mage of the sediment 1n that tube.

Although the invention has utility 1n relation to a wide
variety of sedimentary systems, the Applicant has found 1t of
especial utility 1n relation to starch-based sedimentary sys-
tems. Accordingly, 1n a particularly preferred embodiment,
the sample comprises a natural or synthetic starch or mixture
of starches dispersed in water as described earlier.

According to another aspect of the present invention, appa-
ratus for determining sediment volume formed 1n a liquid-
based sample comprises a tube open at one end for recerving,
liquid samples that generated sediments, an opto-electronic

device located 1n use adjacent the tube, said opto-electronic
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6

device being capable of capturing an 1image of the tube, and
control means capable of receiving said 1mage and being
operable to analyse the 1image so received to provide a mea-
surement ol sediment volume.

The opto-electronic device capable of capturing images 1s
conveniently an electronic camera, for instance a charge
coupled device (CCD) camera or a complementary metal
oxide semiconductor (CMOS) chip-containing camera,
either having an analogue or digital output. As 1t needs to
generate an 1mage of the tube from which sediment height 1s
determined, the device 1s conveniently a low-resolution black
and white camera, for example a camera having a pixel reso-
lution of 752x3582. For example, a Sony XC-75CE using a
Pentax 25 mm 11.4 lens 1s a suitable camera. However, 1f
desired, medium- or high-resolution cameras, for example a
camera having a pixel resolution of 1300x1030, may be used.
For example, an AxioCam MRC available from Carl Zeiss
Vision GmbH would be a suitable camera.

As will be well understood, suitable lighting has to be
provided to enable the images to be captured. Conveniently,
two light sources are used. The first source 1s front lighting
(relative to the camera position) but at an offset position to
avold back retflection of the light to the camera 1s provided
during image capture. A suitable light source 1s a cold cathode
L.P-100 lamp available from Universal Electronics Industries
Ltd. The second source 1s positioned directly below the tube
and a suitable light source 1s a Schott cold light source with a
gooseneck fibre optic cable.

It 1s preferred that extraneous light sources are excluded to
avold back reflections that may affect the quality of the cap-
tured 1mage. Preferably, a surrounding non-reflective envi-
ronment 1s provided to minimise further the possibility of
extranecous reflections being captured as part of the images.

In preferred embodiments of the apparatus according to the
invention, the apparatus further comprises a workstation at
which 1s located the opto-electronic device or devices and
automated handling equipment for moving the tube relative to
said workstation and for positioning the tube relative to the
opto-electronic device, said control means being adapted to
control said automated handling equipment to move the tube
to and from the workstation and to move the tube and the
opto-electronic device or devices relative to one another.

Preferably, the control means 1s operable to automatically
check the quality of images captured by the opto-electronic
device as described above 1n relation to the method according
to the invention and to vary the 1llumination of the tube and/or
reject the tube and/or book mark the sediment volume deter-
mination of that sample.

The present mnvention, 1n yet another aspect, encompasses
apparatus for assessing sediment volume 1n a liquid-based
system comprises a workstation at which 1s located an opto-
clectronic device capable of generating an 1mage of a tube
containing a sample of a sedimented liquid-based system,
automated handling equipment for moving a tube relative to
said workstation and control means for initiating action in
response to mput from the opto-electronic device and being
adapted to control said automated handling equipment to
move a tube to and from the workstation and relative to the
opto-electronic device whilst it 1s located at the workstation,
said control means being capable of receiving said image and
being operable to analyse the 1image so recerved to provide a
measurement of sediment volume.

Automated sample handling 1s achieved using, for
instance, a Zymark XP tracked robot system, available from
Zymark Corporation, Zymark Center, Hopkinton, Mass.
01748 USA, with a variety of associated workstations. Con-
trol of the system and the opto electronic device 1s carried out
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by means of Easylab robot control programming language.
However, a range of other robotic systems could be
employed.

Associated with the or each workstation may be liquid
supply means such as liquid injectors to enable samples to be
introduced to the sample tubes and to provide automated
waste disposal. Alternatively, racks of sample tubes may be
prepared remotely from the workstation and the racks can
then be mtroduced to a workstation accessible by the auto-
mated handling means. Following use, the sample tubes may
then be disposed off, this being more economical than clean-
ing the sample tubes and re-using them.

The invention will now be 1llustrated by reference to the
drawing and following examples. The drawings are:

FIG. 1 1s a schematic plan view of automated sample han-
dling and measuring apparatus according to the invention;
and

FI1G. 2 1s a flow diagram of the general sequences used to
capture 1images ol tubes and to process them to obtain infor-
mation relating to the sediment as described in Example 1.

In FIG. 1, 1s shown an automatic sample handling and
testing apparatus in accordance with the invention. The appa-
ratus 10 has a Zymark XP robot system 12 1n which the robot
arm 14 1s mounted both for rotation about a vertical axis 16
and 1n the direction of said axis 16. One end of the arm 14 has
a gripper mechanism 18 by which sample tubes 20 can be
gripped.

Rotation of the robot arm 14 about the axis 16 enables one
or more workstations to be accessed. The number of work-
stations 1n the apparatus 10 can be varied to suit the applica-
tion. In FIG. 1, the apparatus 10 1s shown as having the
following workstations:

a tube holding station 22 at which a rack of 24 of sample

tubes 20 are located; and

an 1mage capture and analysis station 26 at which are

located a camera 28 and a holder 30 for a sample tube 20.

The camera 28 was an eight bit CCD camera that was
capable of capturing images of the tube containing the sedi-
ment. Camera 28 was a Sony XC-75CE fitted with a Pentax
25 mm 11.4 lens located about 280 to 350 mm from the tube

20.To prevent unwanted retlections being captured as parts of

the images of the tubes (and sediments), station 26 was sur-
rounded by a non-reflective, light neutral environment includ-
ing sidewalls 32, a top (not shown), bottom 34 and a front
curtain 36 for ease of access. Station 26 was also provided
with a cold cathode LP-100 lamp light source positioned
above and 1n front of the tube position relative to the camera
28 so that the sediment 1s lit from the front and at an angle
thereto to minimise stray reflections; and a Schott cold light
source with a gooseneck fibre optic cable the end of which
was located immediately beneath the tube.

A control device 1n the form of a suitable computer system
38 (which may be a single computer or may be more than one
computer) 1s used to control the robot system 12 and to
control the camera 28 to capture tube 1mages and to process
and store the images and sediment volumes determined there-
from. The 1images were processed using Zeiss KS300 image
analyser software. However, any imaging/image analysis
soltware package can be used including software based on
Visual Basic or equivalent packages.

In general, the operation of the apparatus 10 1s as follows.

A plurality of sample tubes 20 1s located 1n a rack 24 at the
station 22. The tubes 20 contain samples of liquid-based
systems that have generated sediments.

It will be appreciated that, in other embodiments of the
invention, additional stations at which samples may be 1ntro-
duced into the tubes 20 may be present.
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The robot arm 14 1s rotated about the axis 16 between the
stations 22 and 26 to transfer a sample tube 20 to the station 26
at which an 1image of the tube 1s captured

Once the sample has been tested, the robot arm 14 returns
the sample tube 20 to 1ts location 1n the rack 24.

The sequence 1s then repeated for the remaining tubes 20
located at station 22.

Reference 1s now made to the Examples.

EXAMPLE 1

A rack 24 i which sample-containing glass test tubes 20
(each 55 mm longx17 mm outside diameter) were located
was positioned at station 22. The tubes 20 were each sequen-
tially transterred to station 26 at which an image of the tube 20
was captured. The camera 28 was set such that the pixel
intensity of the anticipated central part of the sediment could
not exceed 200 (78% of the pixel intensity range).

The captured image was stored 1n the computer system 38
and processed to provide a sediment volume measurement.
As part of the processing, the computer checked the quality of
the captured 1mage and, 1f 1t was not acceptable, adjust light
levels and processed a second and, 1f necessary, subsequent
images. I an acceptable 1image has not been captured and a
specified light level has been reached, that image available at
that point 1s captured and processed and the computer records
that fact to enable manual examination of the 1image(s) to be
carried out at a later stage.

Analysis of the images was performed using a combination
of 1mage processing followed by image analysis using the
Zei1ss KS300 image analyser software on the computer sys-
tem 38.

In particular, the image capturing and subsequent process-
ing/analysis was done as follows:

Image Capture
1. capture image™ of whole tube 20 using the camera 28 and

save this 1mage 1n a designated file;

* The output from the camera 46 1s analogue. The output from the camera 46
is converted into a digital image in a ‘framegrabber’ board of the computer
running the software. It 1s this digital image that 1s processed and analysed.

2. check the quality of the image by measuring the I ofthe
image and determining whether it 1s within 70% to 75% of
the total pixel intensity range and:

a. 1 1t 1s within the required range, capture the image for
further processing; or
b. 11 1t 15 not within the required range:

1.1 I 1s above the required range, reduce the lighting
level and/or 1ncrease the speed of camera shutter and
iterate this step until an acceptable 1mage 1s acquired;

1. 11 I 1s below the required range, increase the light-
ing level and/or decrease the speed of camera shutter
and iterate this step until an acceptable image 1s
acquired;

and, once an acceptable 1mage 1s acquired, capture the
image for further processing and

3. process the captured image to determine sediment volume.
It will be appreciated that, in the event of the limits of

adjustability being reached, the final image 1s captured, stored

and bookmarked for subsequent examination.

Sediment Height Analysis

1. subject copy the digital image (1image 1) generated by the
framegrabber board from the output from camera 28 to a
partial smoothing operation, eg using a median {filter, to
remove some detail but to retain edge information thereby
generating a smoothed image (image 1a). It 1s the image 1a
that 1s subjected to the automatic conversion to binary

image 2.
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2. binary image 2 1s then be subjected to a scrap operation to
remove small white features within the black areas and a
{11l operation to fill 1n holes 1n the white objects so they are
more complete (1mage 3);

3. 1mage 3 1s then be edited to remove any features associated
with any glare due to the wall at the bottom of the tube and
to reconstruct of the bottom region of the sediment 1n the
vial. The latter step may be required 1f the sediment in the
bottom of the tube does not scatter well and, consequently,
may be missing from the binary image 2. As there 1s always
sediment 1n the bottom of the tube and as the position of the
tube 1n 1mage 2 1s always the same, then a constant edit 1s
applied to the image 3 to generate a corrected binary image
4;

4. copy the digital image (1mage 1) generated by the
framegrabber board from the output from camera 28 1nto
an electronic frame (1mage 5) and then clear the frame to
create a blank 1image (new 1mage 6) having the same pixel
dimensions as the original digital image (1mage 1);

5. create a rectangle 1n a graphics plane associated with the
clectronic frame and merge the graphics plane with the
image plane of 1mage 6. Specily the rectangle 1s white and
the remainder 1s black thereby creating a binary image
(1mage 7) of a white rectangle, the rectangle having dimen-
stons longer than the anticipated length of the sediment
being measured and narrower than the width of the internal
dimension of the tube and clear the graphics plane of the
frame. It 1s important that the rectangle passes down the
central axis of the sediment seen 1n 1mage 1 but is not as
wide as the sediment;

6. subjectimage 4 and 1image 7 to a Boolean “AND” operation
to create an 1mage (image 8) representative of the sediment
height;

7. check the quality of image 8 by superimposing a series of
vertical lines over the part of 1image 8 representing the
sediment and measuring the lengths of the lines that fall
within the sediment area and obtaining a standard deviation
for those lengths. If the standard deviation 1s greater than a
selected standard deviation, the 1mage 1s of poor quality
and the sediment volume determination from such an
1mage 1s suspect;

8. assessment image quality check 1n step 7:

a. 1f the standard deviation of the image 8 assessed in step
7 1s below a selected standard deviation, proceed to step
9; or

b. 1f the standard deviation of the 1mage 8 assessed 1n step
7 1s above the selected standard deviation, then measure
the I of the image 8 and either:

1s within therequired I range, reduce the

1.1fthel
light 1ntensity of the Schott cold light source and
capture a new 1mage of the sediment and 1terate steps
1to7;or
11.1fthel _  1soutsideasecondl  range, 1€ 70%=x5%,
increase the light intensity of the Schott cold light
source and capture a new 1mage of the sediment and
iterate steps 1 to 7; and
c. 1f the new 1mage 8 1n step 8b)(1) 1s acceptable, proceed to
step 9; 11 not keep repeating step 8b)(1) until the I 1s
below the 40% level of the pixel intensity range and, 1
the 1mage 1s still not of the required quality, capture the
image 1n any event and proceed to step 9 but bookmark
the record for subsequent manual examination; or
d. 11 the new 1mage 8 1n step 8b)(11) 1s acceptable, proceed
to step 9; 1 not keep repeating step 8b)(11) until the I

falls within the range or, if the light intensity is at the
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maximum available, capture the 1mage 1n any event but
bookmark the record for subsequent manual examina-
tion.

9. measure 1mage 8 to determine the sediment height; and
10. determine sediment volume.

During the above routine, the soitware loads the calibration
file for camera 28 at this magnification so that distances are
correct. This calibration step 1s performed separately through
the capture of an 1mage of a standard scale placed 1n the exact
position usually occupied by the glass tube 20.

The above-described sequences are generally set out 1n
FIG. 2 as a flow chart.

It will be appreciated the various electronic operations used
to process the 1images captured by the camera as described
herein, for example 1nvert, thin, open, erode, dilate etc, are
well understood 1n the art. Information relating to such terms
1s generally available and, 1n particular, reference 1s made to
“Computer-assisted microscopy: the measurement and
analysis of images™, John C. Russ, Plenum Press, New York
(1990) and “The Image Processing Handbook™ 2nd Edition,
John C. Russ, CRC Press, Boca Raton (1995). Information on
digital camera types can be found in “How to do everything

with your digital camera”, 3’ edition, Dave Johnson,
McGraw-Hill, Osbourne (2003).

The maternials examined 1n this Example 1 are listed 1n
Table 1 below together with the sediment volumes deter-
mined. For Samples 1 and 2, measured amounts of materials
were dispersed in 5 ml of water 1n the tubes by sealing the end
of the tubes and 1nverting them several times. With regard to
Sample 3, this was a pre-formulated dispersion 5 ml of which
was placed 1n a tube. The tubes were allowed to stand for 24
hours betfore being processed to determine sediment volumes.

EXAMPLE 2

Example 1 was repeated using four modified waxy maize
starches available from National Starch and Chemical Co,
Bridgewater, N.J., USA. The samples were prepared by dis-
persing 1 wt % of the starch 1n 5 ml of water to create a slurry
in the tube. The tubes were immersed 1n a boiling water bath
and the slurries were stirred for 3 minutes using glass rods.
The tops of the tubes were then covered and the samples were
cooked for a further 20 minutes. The tubes were then allowed
to stand for 24 hours betfore being processed as described in
Example 1 to determine sediment volumes. The results are
given in Table 2 below. In this instance, the sediment volume
equates to the swelling volume of the starches.

TABLE 1
Weight of Heightof Sediment
Sam- material  sediment  volume
ple Material (g) (mm) (ml/g)
1 Gamma polishing Al;0, 0.184% 5.27 5.26
available from Giffin &
George Ltd
2  Grade 1 Al;O5 available from 2.67 14.0 0.97
Beckman
3 PTFE dispersion - Grade 0.21 16.0 14.05

RAD available from
Asahi Glass
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TABLE 2
Height of sediment Sediment volume
Sample (mm) (ml/g)
4 11.91 42.3
5 6.06 22.2
6 5.68 31.0
7 17.78 62.8

Comparison of the data with data obtained from conven-
tional methods demonstrated the validity of the data obtained
using the imvention described herein.

EXAMPLE 3

Example 2 was repeated using four cold water swelling
starches available from National Starch and Chemical Co,
Bridgewater, N.J., USA (Samples 8 to 11). The preparation of
the starches was performed at pH 3.0 which 1s known to give
samples with hazy supernatant liquids. The sediment vol-
umes of the samples in the tubes were determined as
described 1n Example 1 except that the camera 28 was set
such that the pixel intensity of the anticipated central part of
the sediment could not exceed 170 (67% of the pixel intensity
range).

The results are given 1n Table 3 below:

TABLE 3
Starting
shutter = Imaging Standard Calculated
speed shutter Gooseneck deviation sediment
Starch (ms) speed (ms) lamp setting achieved  height (mm)
8 50 33.5 25 0.67 9.33
9 33 5.5 25 3.2 4.8
10 33 10.5 25 4.97 5.9
11 33 13 6 >5.0: Final Height
1mage needed to
stated to be be
“too dark” measured
manually
from the
bookmarked
final image

It will be appreciated that the values of pixel intensity
quoted 1n the description and examples are those preferred by
the Applicant and 1t 1s within the scope of the mmvention to
select other values of pixel intensity i required.

The mvention claimed 1s:

1. A method of assessing sediment volume in a liquid-

based starch-containing sample comprises:

a) introducing the starch-containing sample into a tube and,
iI necessary, treating said starch containing-sample to
form sediment;

b) positioning the tube containing the starch-containing
sample relative to an opto-electrical device capable of
capturing an 1mage of the tube, wherein said starch-
containing sample comprises sediment, supernatant,
and a sediment-supernatant interface;

¢) using the opto-electrical device to capture an 1image of
the tube normal thereto;

d) analysing the captured image to determine the height of
the sediment; and

¢) using the height measurement to generate a sediment
volume measurement.

2. A method according to claim 1 wherein, in step d, the

analysis of the captured image comprises converting the cap-
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tured to a binary image and measuring the area and the width
of the portion of the binary image corresponding to the sedi-
ment.

3. A method according to claim 1 wherein the opto-elec-
trical device 1s set to limit the pixel intensity of the captured
image 1n the central region of the anticipated sediment ele-
ment of the captured 1mage.

4. A method according to claim 3 wherein the pixel inten-
s1ty 1s set to about 60% to 90% of the pixel intensity range of
the opto-electronic device.

5. A method according to claim 1 wherein, 1n step d), the
captured 1image 1s subjected to a partial smoothing operation.

6. A method according to claim 2 wherein the binary image
1s subjected to a scrap operation to remove small white fea-
tures within the black areas and a fill operation to fill 1n holes
in the white objects so they are more complete.

7. A method according to claim 1 wherein, 1n step d), the
analysis includes editing the captured image to remove any
features associated with any glare due to the wall at the
bottom of the tube and to reconstruct of the bottom region of
the sediment 1n the vial.

8. A method according to claim 1 wherein, 1n step d), the
analysis includes creating a new binary image consisting of a
white or black rectangle whose axis 1s along the axis of the
tube and whose width 1s less than the width of the sediment
and performing a Boolean AND operation using this image
and the binary image of the sediment to create a new binary
image which 1s an 1image of the height of the central section of
the sediment.

9. A method according to claim 8 wherein the height of the
sediment 1s determined by measuring area and the width of
the new 1mage.

10. A method according to claim 1 wherein a plurality of
starch-containing samples are assessed either sequentially or
in parallel.

11. A method according to claim 1 wherein, 1 parallel
assessment, more than 1 starch-containing sample but not
more than 100 starch-containing samples, are processed
together.

12. A method according to claim 1 wherein, 1n step d), the
quality of the captured image 1s checked and 11 1t does not
meet a predetermined standard, repeating steps ¢) and d)
using different 1mage capture conditions to obtain, 1 pos-
sible, an acceptable 1mage before proceeding to step e).

13. A method according to claim 12 wherein, 1 the image
does not meet the standard after iteration of steps ¢) and d), the
image at that point 1s captured and that fact 1s recorded.

14. A method according to claim 12 wherein the 1mage
quality 1s checked by measuring the I of the image and
determining whether 1t 1s within a required range of the total
pixel mtensity range and:

a) 1 1t 1s withun the required I range, further processing,

the 1mage; or

b) 1t 1t 1s not within the required I range:

(1)1 I 1s above the required 1___range, reduce the
lighting level and/or increase the speed of 1image cap-
ture and 1terate this step until an acceptable image 1s
acquired;

()11 1s below the required I _range, increase the
lighting level and/or decrease the speed of image cap-
ture and 1terate this step until an acceptable 1image 1s
acquired;

and, once an acceptable image 1s acquired, Turther processing
the 1mage.

15. A method according to claim 14 wherein the quality of
the 1mage 1s further checked by superimposing a series of
vertical lines over the image of the sediment, measuring the
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lengths of the lines and obtaining a standard deviation for
those lengths and comparing that standard deviation to a
pre-selected standard deviation.
16. A method according to claim 135 wherein
a) 1 the standard deviation of the 1image 1s below a selected 4
standard deviation, further process the image; or
b) 1f the standard deviation of the image i1s above the

selected standard deviation, then measure the I~ of
the 1mage and either:
1)itthel _ 1swithintherequiredl  range, reduce the

L . ; .10
light intensity and capture a new 1mage of the sedi-

ment and 1terate capturing and processing an image of
the sediment; or

1)ifthel 1soutsideasecond]  range, increase the
light mtensity and capture a new 1mage of the sedi-
ment and iterate capturing and processing an image of 19
the sediment; and

14

¢) if the new 1mage i step b)(1) 1s acceptable, turther

process the 1mage; 11 not keep repeating step b)(1) until
the I___ 1s below a preselected level of the pixel inten-
sity range and, 1f the image 1s still not of the required
quality, capture the 1image in any event and further pro-
cess the 1image but bookmark the record for subsequent

manual examination; or

d) 1f the new 1mage 1n step b)(i1) 1s acceptable, further

process the image; 11 not keep repeating step b)(11) until
the I _  1alls within the range or, 1f the light intensity 1s
at the maximum available, capture the image 1n any
event but bookmark the record for subsequent manual

examination.
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